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LAND GRID ARRAY PACKAGED DEVICE AND METHOD OF FORMING SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to integrated circuit 
packaging, and more particularly to an improved process for 
fabricating a Land Grid Array (LGA) packaged device. 

[0002] An integrated circuit (IC) die is a small device 
formed on a semiconductor wafer, such as a silicon wafer. A 
leadframe is a metal frame that usually includes a paddle that 
supports the IC die that has been cut from the wafer. The 
leadframe also has lead fingers that provide external electrical 
connections. That is, the die is attached to the die paddle and 
then bonding pads of the die are connected to the lead fingers 
via wire bonding or flip chip bumping to provide the external 
electrical connections. Encapsulating the die and wire bonds or 
flip chip bumps with a protective material forms a package. 
Depending on the package type, the external electrical 
connections may be used as-is, such as in a Thin Small Outline 
Package (TSOP) , or further processed, such as by attaching 
spherical solder balls for a Ball Grid Array (BGA) . These 
terminal points allow the die to be electrically connected with 
other circuits, such as on a printed circuit board. However, it 
can be expensive and time-consuming' to form a leadframe and 
package a device if steps like chemical etching and etch back 
are required. 

[0003] Virtually all electronic devices use packaged ICs and 
with the ever present demand for smaller yet more powerful 
devices, a decrease in the package size is highly desirable. 
LGA packages offer reduced height by eliminating the solder 
balls that are part of a ball grid array (BGA) package. Instead 
of attaching the packaged device to a printed circuit board 
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(PCB) with solder balls, LGA packages are attached to the PCB 
via a socket. More recently, LGA packages have been ref low- 
mounted using solder that has been applied to the board. The 
reduced package height without a decrease in reliability is 
making LGA packages popular for many electronic devices, such as 
cellular telephones, digital cameras, personal digital 
assistants (PDA) , etc. Further, LGA packages are able to 
achieve higher pin counts with smaller packages. At the same 
time, the electrical path from the IC to the package pad is 
shortened. 

[0004] Thus, it is desirable to have a method of decreasing 
the size of packaged ICs . It is also desirable to provide an 
inexpensive method of packaging ICs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The following detailed description of a preferred 
embodiment of the invention will be better understood when read 
in conjunction with the appended drawings. The present 
invention is illustrated by way of example and not limited by 
the accompanying figures, in which like references indicate 
similar elements. 

[0006] FIG. 1 is an enlarged cross-sectional view of a 
packaged integrated circuit in accordance with an embodiment of 
the present invention; 

[0007] FIG. 2A is a perspective view of a fixture for forming 

conductive balls in accordance with an embodiment of the present 
invention; 

[0008] FIG. 2B is a greatly enlarged view of conductive balls 
located in the fixture of FIG. 2A; 
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[0009] FIG. 3A is a perspective view illustrating a 
mechanical coining process on the conductive balls in the 
fixture of FIG. 2A; 

[0010] FIG. 3B is a greatly enlarged perspective view of the 
conductive balls in the fixture of FIG. 2A after the mechanical 
coining process; 

[0011] FIG. 4 is a perspective view illustrating a step of 
transferring the conductive balls from the fixture of FIG. 2A to 
an adhesive tape; 

[0012] FIG. 5A is a perspective view of a die attach process 
in accordance with an embodiment of the present invention; 

[0013] FIGS. 5B-5D are enlarged cross-sectional views 
illustrating alternative die attach processes; 

[0014] FIG. 6A is a greatly enlarged perspective view 
illustrating one of the die of FIG. 5 wirebonded to a plurality 
of the conductive balls; 

[0015] FIG. 6B is a greatly enlarged cross-sectional view of 
one of the wire-bonds of FIG. 6A; 

[0016] FIG. 7 is a perspective view of a top side of the 
adhesive tape having dice wire-bonded to the conductive balls 
after an encapsulation process; 

[0017] FIG. 8 is a perspective view showing a bottom side of 
the encapsulated devices after a de-taping step in accordance 
with an embodiment of the present invention; 
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[0018] FIG. 9 is a perspective view of a bottom of a packaged 
device after a singulation process in accordance with the 
present invention; and 

[0019] FIG. 10 is a perspective view of an alternate 
embodiment of a conductive ball in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0020] The detailed description set forth below in connection 
with the appended drawings is intended as a description of the 
presently preferred embodiments of the invention, and is not 
intended to represent the only form in which the present 
invention may be practiced. It is to be understood that the 
same or equivalent functions may be accomplished by different 
embodiments that are intended to be encompassed within the 
spirit and scope of the invention. 

[0021] The present invention provides a method of packaging 
an integrated circuit die, including the steps of: 

[0022] forming a plurality of soft conductive balls in a 

fixture, wherein opposing sides of the balls are at least 
partially flattened; 

[0023] transferring the formed balls from the fixture to a 

mold masking tape; 

[0024] attaching a first side of an integrated circuit die to 
the mold masking tape, wherein a second side of the die has a 
plurality of die bonding pads and wherein the die is surrounded 
by the formed balls; 
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[0025] electrically connecting the die bonding pads to 
respective ones of the formed balls surrounding the die; 

[0026] encapsulating the die, the electrical connections, and 
a top portion of the formed balls with a mold compound; and 

[0027] removing the mold masking tape such that a bottom 
portion of the balls is exposed. Where more than one device is 
formed at the same time, then a singulation step is performed to 
separate adjacent devices. 

[0028] Referring now to FIG. 1, an enlarged cross-sectional 
view of a packaged semiconductor device 10 formed in accordance 
with an embodiment of the present invention is shown. The 
packaged device 10 comprises an integrated circuit die 12, such 
as one cut from a silicon wafer, attached to one or more soft 
balls 14 with a die attach material 16. The integrated circuit 
die 12 has a top or first surface 18 with a plurality of wire 
bonding pads 20. The wire bonding pads 20 are electrically 
connected to other ones of the soft balls 14. Preferably, the 
wire bonding pads 2 0 are connected to the soft balls 14 with 
wires 22 via wirebonding. The die 12, the electrical 
connections, the wires 22, and at least a top portion of the 
soft balls 14 are covered or encapsulated with a mold compound 
24. The bottom sides of the balls 14 are exposed and allow the 
integrated circuit die 12 to be connected to a printed circuit 
board. The balls 14 to which wires 22 are connected are used to 
pass data, power or ground signals to/ from the die 12 and a 
substrate or printed circuit board, as is known by those of 
skill in the art, while others of the balls 14 to which the die 
12 is attached can conduct heat from the die 12 (i.e., thermal 
management) and enhance board level solder joint strength. That 
is, the balls 14 under the die 12 provide a solderable surface 



5 



SC13152HP 



that enhances board level solder strength. It is noted that 
balls at the corners and even along the package edges also can 
provide connections that enhance the mechanical strength of the 
package . 

[0029] The integrated circuit die 12 may be any type of 
circuit, such as a digital signal processor, a special purpose 
circuit, etc. Such circuits are well known to those of skill in 
the art. The soft balls 14 preferably are made with an 
electrically conductive material so that electrical signals can 
be passed therethrough. The conductive material may be a metal, 
such as copper or gold, or an alloy thereof, or a soft solder, 
such as 63/37 material (63% tin, 37% lead) or 90/10 (90% lead, 
10% tin) . Alternatively, the soft balls 14 may be formed of a 
polymer base material with metallic surface finish. A lead free 
package can be achieved by using lead free metallic balls. The 
balls 14 are made of a soft material so that the wires 22 can be 
readily wirebonded thereto. Preferably, the wires 22 are made 
of a stiff er or more rigid material, such as copper or a hard 
gold alloy so that during wirebonding, the wires 22 penetrate 
into and are embedded within the soft balls 14. As will be 
discussed in more detail below, using a harder material for the 
wires 22 allows the wires 22 to penetrate into the soft balls 
14, hence forming a connection by embedding the hard wires 22 
into the softer balls 14. 

[0030] The die 12 is attached to a plurality of the balls 14 
with the die attach material 16. The die attach material 16 may 
be any well known adhesive used for attaching dice to 
substrates, such as an epoxy. Although in the embodiment shown 
the die 12 is attached to the balls 14, the die 12 may be 
attached to one side of a die paddle formed of a metal, such as 
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copper, in which case the other side of the die paddle is 
exposed. Another alternative is to have the bottom (or second 
side) of the die 12 exposed, in which case the die 12 is not 
attached to any of the balls 14 or to a die paddle. The 
encapsulant 24 is of a type known to those of skill in the art 
that is commonly used for packaging integrated circuits. 

[0031] Referring now to FIGS. 2A-9, a method for packaging an 
IC die in accordance with the present invention will be 
described. FIGS. 2 A and 2B show a fixture 3 0 for forming the 
soft conductive balls 14 in accordance with an embodiment of the 
present invention. FIG. 2A is a perspective view of the fixture 
30 and FIG. 2B is an enlarged view of the conductive balls 
located in the fixture 30. An initial step in the process of 
packaging an integrated circuit die 12 is for form the soft 
balls 14. The fixture 30 is a block of metal having a large 
flat surface with a plurality of cavities in which the balls 14 
are formed. The cavities are laid out in a grid or array on the 
surface of the fixture 30. Low manufacturing cost is one of the 
key considerations for the present invention. In the presently 
preferred embodiment, the balls 14 are formed by pouring molten 
metal on a spinning plate. This allows tiny metallic balls to 
be formed with very tight dimension control in a very cost 
effective way. The cavities in the fixture 3 0 are generally 
round. Preferably, the cavity has a flat or partially flattened 
bottom surface so that the portion of the ball formed within the 
cavity has a flattened or partially flattened surface. As an 
alternative to forming spherical balls or spherical balls with a 
flattened bottom surface, it is possible to use rectangular 
shaped balls. FIG. 10 shows an example of a rectangular ball 
15. 
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[0032] As previously discussed, the balls 14 are formed of a 
soft, conductive material that can be deformed, such as a soft 
metal. Example metals are solder or gold. As is known by those 
of skill in the art, most BGA balls are made out of 63/37 
material (63% tin, 37% lead), which is very soft. Even when 
90/10 (90% lead, 10% tin) material is used, the ball shape can 
deform. Referring now to FIGS. 3A and 3B, after the balls 14 
are located in the fixture 30, top surfaces 32 of the balls 14 
are flattened by a press 34 via a mechanical coining process. 
That is, the press 34 is used to push against the top surfaces 
of the balls 14 within the cavities of the fixture 30, which 
flattens the top surfaces 32 of the balls 14. As the cavities 
preferably have a flat or partially flat bottom surface, the 
bottom surfaces of the balls 14 are flattened in the same way as 
the top surfaces 32. Thus, at least two opposing sides of the 
balls 14 are flattened or partially flattened. 

[0033] Referring now to FIG. 4, after the mechanical coining 
process, the balls 14 are transferred from the fixture 30 to a 
mold masking tape 3 6 that has an adhesive on one side thereof. 
More particularly, the tape 36 is placed over the balls 14. The 
balls 14 stick to the adhesive surface of the tape 3 6 and then 
the tape 36 is lifted away from the fixture 30. Alternatively, 
the fixture 30 is placed against the tape 3 6 and after the balls 
14 stick to the adhesive surface of the tape 36, the fixture 30 
is moved. The mold masking tape 3 6 may be attached to a metal 
frame 38, either before or after the balls 14 are transferred to 
the tape 36, as shown in FIG. 5. 

[0034] After the balls 14 are transferred to the mold masking 
tape 36, a die attaching step is performed. Referring to FIG. 
5A, the integrated circuit dice 12 are attached to a plurality 
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of the balls 14 at predetermined locations. The dice 12 have a 
top surface including a plurality of wire bonding pads 20 and a 
bottom surface. In the presently preferred embodiment, the 
bottom surfaces of the dice 12 are attached directly to the 
balls 14 with a die attach adhesive 16 (FIG. 1) . The dice 12 
are attached at locations such that the dice 12 are surrounded 
by a plurality of the balls 14. The number of I/O's is used to 
determine the number of balls 14 that surround each of the die 
12. Attaching the die 12 on top of a plurality of the balls 14, 
allows a fixture to be used to form the balls that is uniform in 
size and has a single ball matrix pattern. A single ball matrix 
pattern allows different size die and different package sizes to 
be formed without having to change the size of the fixture 30. 
Further, as discussed above, the balls 14 upon which the die 12 
is attached serve as a thermal path for the IC 12 and provide a 
solderable surface that enhances board level solder joint 
strength. That is, the balls 14 provide a solderable surface. 

[0035] Other options for die attach exist. One option is to 

attach the dice 12 directly to the tape 3 6 at locations where 
there are no balls 14, as shown in FIG. 5B. That is, when 
forming the array of balls in the fixture 30, leave some spots 
without balls, such spots for receiving individual die 12. In 
this way, the die 12 has an exposed surface after encapsulation 
and de-taping. A second option is to attach the dice 12 to the 
tape 3 6 with a non- conductive epoxy 40, as shown in FIG. 5C . In 
a package formed using this second option, the die 12 is not 
exposed nor is there a conductive path between the die 12 and 
the outside of the finished package. This second option allows 
PCB routing under the package. Referring to FIG. 5D, yet 
another option is to attach the die 12 to a heat sink 42 (e.g., 
a solid metal plate) with an epoxy or solder 44. The heat sink 
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42 can be attached to the tape 36 after the balls 14 are 
attached to the tape 36. The heat sink 42 can further improve 
the thermal performance of the package and increase the 
solderable area of the package. 

[0036] Referring now to FIGS. 1, 6A and 6B, after the die 12 
has been attached to the tape 3 6 or the balls 14, as described 
above, the wire bonding pads 20 are electrically connected to 
respective ones of the formed balls 14 surrounding the die 12. 
More particularly, bonding wires 22 are connected from the IC 
wire bonding pads 20 to respective ones of the formed balls 14. 
As the formed balls 14 are held only by the adhesive of the mold 
masking tape 36, the balls may not be held rigid enough to apply 
the ultrasonic force used in the traditional thermosonic wire 
bonding process. Thus, instead of applying the traditional 
thermosonic bonding, hard wire made of copper or a hard gold 
alloy is used to penetrate into the soft balls 14, which forms a 
connection by embedding the hard wire 22 into the soft ball 14. 
As shown in FIG. 6B, a tip 33 of the wire 22 is embedded within 
the ball 14. The tip 33 is generally circular in shape and is 
formed by electric flame off (EFO) of the wire 22 by wire 
bonding machine. 

[0037] After the wirebonding process is performed, the die 
12, the electrical connections, the wires 22 and a portion of 
the balls are encapsulated, preferably with a plastic material, 
as is known in the art for packaging integrated circuits. FIG. 
7 shows the metal frame 3 8 that holds the tape 3 6 having the 
encapsulant 24 thereon. At this stage, the encapsulant covers 
the whole of one side of the tape 36. It is noted that the 
partially flattened sides of the balls 14 provide a locking 
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feature that helps to secure that balls 14 within the 
encapsulant 24. 

[0038] After the encapsulation process, the mold masking tape 
3 6 is removed, such as by hand or with a commercially available 
de-peeling machine, thereby uncovering the bottom portions of 
the array of balls 14, as shown in FIG. 8. To ensure reliable 
LGA interconnection performance, the exposed bottom portions of 
the balls may be coated or plated with a noble surface finish 
(e.g., NI/Au) that is both resistant to corrosion and provides 
low contact resistance. The exposed portions of the balls 14 
may be coated via selective deposition of electrolytic Ni/Au 
platings. Finally, the encapsulated matrix is singulated, 
preferably using a well-known saw singulation process, to form 
separate packaged devices 10. 

[0039] Prior to the saw singulation process, an optional 
electrical functional test may be performed. Since all of the 
I/O terminals of the encapsulated devices are separated 
throughout the packaging process, an electrical test in strip 
format is possible, hence improving tester utilization and 
making parallel testing possible without additional process or 
cost . 

[0040] The packaged device has improved high-frequency 
electrical performance because the signal path from the IC 12 to 
the board is shortened. Further, system reliability is improved 
by increasing solder joint resistance to stress failures caused 
by deflections of the system board. Improved RF performance and 
resistance to mechanical stress failures are important issues to 
cellular telephone handset makers. 
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[0041] The present invention provides an easy and inexpensive 
method of packaging an integrated circuit. Device cost is low 
because neither a substrate nor terminations (external pins or 
balls) are required. Since there is no metal leadframe, the saw 
blade used in the singulation step does not have to cut through 
metal, so the saw blade will have a longer life. Also, since no 
leadframe is required, there is no need to perform substrate 
trace routing. The packaging process does not require any 
chemical etch-back, which can be expensive. The packaging 
process may be performed using currently available equipment. 
The package also has a very low profile, down to 0.4mm. 
Although a LGA package is described, other package types, such 
as QFN (Quad Flat No lead) also can be formed using the 
af oredescribed method. Stacked die devices can also be packaged 
with this method. Land grid arrays (LGA) offer high 
interconnection density, e.g., 200+ I/Os is possible. 

[0042] While the preferred embodiments of the invention have 
been illustrated and described, it will be clear that the 
invention is not limited to these embodiments only. Numerous 
modifications, changes, variations, substitutions and 
equivalents will be apparent to those skilled in the art without 
departing from the spirit and scope of the invention as 
described in the claims. 
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